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Abstract 

Students with mathematics difficulties and learning disabilities (LD) typically struggle with solving word problems. These 
students often lack knowledge about efficient, cognitive strategies to utilize when solving word problems. Cognitive strategy 
instruction has been shown to be effective in teaching struggling students how to solve word problems that employ specific 
word problem types. The cognitive strategy, Math Scene Investigator (MSI), is an example of a cognitive strategy for word 
problem solving. The MSI strategy described in this paper is suitable for primary-level students with mathematics difficulties 
and LD. Instructional steps are provided along with an example of an interactive lesson. 
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Mathematical problem-solving abilities are necessary for 
more advanced mathematics (National Council of Teachers 
of Mathematics, 2000, 2006; National Mathematics 
Advisory Panel [NMAP], 2008; Woodward et al., 2012) and 
are emphasized in the Common Core State Standards for 
Mathematics (National Governors Association Center for 
Best Practices, 2010) as part of their mathematical process 
practices. Yet, for primary-level students with mathematics 
difficulties and learning disabilities (LD), solving word 
problems represents a challenging endeavor because of the 
need to understand how problems are represented and exe¬ 
cuted (Mayer, 1998). For example, students must be able to 
translate linguistic (syntax) and schematic (problem struc¬ 
ture) information into a quantitative, graphic, or symbolic 
representation and use a solution strategy to execute or 
solve the problem (Montague, Enders, & Dietz, 2011; 
NMAP, 2008). Students must be able to recognize the types 
of word problem structures and apply an appropriate solu¬ 
tion strategy to solve the problem (Powell, 2011); unfortu¬ 
nately, for students with mathematics difficulties, these 
tasks often prove troublesome. 

Difficulties in solving word problems can be a “major 
impediment for [students’] future success in any math- 
related discipline” (Gersten, Chard, et al., 2009, p. 26). 


Students with mathematical difficulties and LD often strug¬ 
gle with word problems because they (a) lack understand¬ 
ing of the language within the problems (Bryant, 2005; 
Fuchs et al., 2010; Gersten, Jordan, & Flojo, 2005), (b) are 
unable to apply multiple steps within word problems 
(Parmer, Cawley & Frazita, 1996; Shin & Bryant, 2013), (c) 
experience difficulty in selecting and using the correct algo¬ 
rithms to solve the problems (Hecht, Close, & Santisi, 
2003), and (d) have an inability to generalize strategies 
across different types of word problems (Gersten, 
Beckmann, et al., 2009). To foster success in solving word 
problems, students with mathematical difficulties and LD 
benefit from explicit instruction in identifying types of 
word problems, understanding how to represent them, and 
applying a solution strategy (Gersten, Beckman, et al.. 
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Table I. Word Problem Types. 


Problem Type 

Description 

Part-part-whole 

A word problem where the whole is 
composed of two parts 

Join 

A word problem with two quantities that 
are combined 

Separate 

A word problem in which a whole is given 
and one part is taken away 

Change 

A word problem in which the beginning 
(part or whole) or middle (part) is 
unknown 

Compare 

A word problem with two quantities and the 
difference between the quantities 


2009; Jitendra et al., 2009; Jitendra, DiPipi, & Perron- 
Jones, 2002; Montague & Dietz, 2009). 

This paper presents a cognitive solution strategy, the 
Math Scene Investigator (MSI), which educators can use to 
help students with mathematics difficulties and LD solve 
word problems. Cognitive strategy instruction has been 
identified as an effective way for students to solve different 
types of word problems (Gersten, Chard, et al., 2009; 
Jitendra et al., 2002, 2009; Montague & Dietz, 2009; van 
Garderen, 2007). 

Types of Word Problems 

Word problems are a combination of numbers and words in 
which students apply mathematics instruction in the context 
of problem solving (Wyndhamm & Saljo, 1997). The types 
of word problems taught in Grades 1 and 2 are typically 
addition and subtraction and begin with simple part-part- 
whole and join and separate problems where the resulting 
quantity is unknown and then progress to more difficult 
problems, including change (i.e., beginning or middle 
quantity unknown) and compare problems (i.e., how many 
more, difference in amounts; Fuchs, Fuchs, & Prentice, 
2004; Riley & Greeno, 1988). As Gersten, Beckmann, et al. 
(2009) found, teaching the progression of problem types is 
essential, and when problems are taught from easier to more 
difficult using explicit instruction with multiple representa¬ 
tions, students attain higher achievement levels. Table 1 
provides word problem types and descriptions, typical of 
primary-level instruction (Riley & Greeno, 1988; Van de 
Walle, Karp, & Bay-Williams, 2012). 

The following is an illustration, as an example, of how 
word problems might be presented in first grade. In this 
case, a join word problem type is presented. Instruction 
begins when the teacher verbally provides the problem to 
students: “Jenny planted three flowers. Then she planted 
five more flowers. How many flowers did Jenny plant?” 
Students identify the unit of the problem, in this example. 


flowers, and the question being asked. Using a graphic or 
picture, students visualize the information by drawing a 
schematic representation for solving the problem. Students 
make three circles to represent three flowers and then add 
another five circles to represent the additional five flowers. 
Students are encouraged to verbalize their understanding 
about the problem representation through questioning by 
the teacher (e.g., “Tell me why you made three circles and 
then another five circles.” “How can you answer the ques¬ 
tion?”). Next, problem execution is accomplished as stu¬ 
dents write a simple equation illustrating the action of the 
type of word problem type (i.e., addition) to arrive at the 
answer. To aid further instruction, a cognitive strategy can 
be used to teach young students with mathematics difficul¬ 
ties and LD a solution strategy for the types of word prob¬ 
lems found at the primary level. The goal is to teach students 
a strategy to help them become more independent learners. 

Cognitive Strategy Instruction 

Cognitive strategy instruction consists of teaching cognitive 
and metacognitive strategies to enhance learning and 
improve performance (Montague et al., 2011). Numerous 
studies (Montague, 2007; Swanson, Orosco, & Lussier, 
2014) have taught cognitive strategies in problem solving 
that include teaching students how to apply a cognitive 
strategy (e.g., strategy, visual strategy) to specific types of 
word problems, how to complete all steps within a problem, 
and how to increase self-regulation. A cognitive strategy is 
important to help students keep track of information and 
promote understanding of the structure of the word problem 
type. Cognitive strategy instruction helps students focus 
their attention on the linguistic and semantic information of 
the problem’s structure (e.g., join, separate problems) and 
provides a way for solving the problem, thus potentially 
increasing student understanding of the meaning of the 
problem and ability to solve the problems (Swanson & 
Beebe-Frankenberger, 2004; Swanson & Jerman, 2006). 

Additionally, metacognitive strategies (i.e., “thinking 
about thinking”), such as self-regulation, help students with 
“planning, monitoring, and modifying” (Pintrich & 
DeGroot, 1990, p. 33) their approach to solving a problem. 
Metacognitive strategies paired with cognitive strategies 
(i.e., read, plan, solve) have been shown to increase stu¬ 
dents’ understanding and their ability to solve problems 
(Montague et al., 2011). The MSI is one example of a cog¬ 
nitive strategy that can be used to teach primary-level stu¬ 
dents with mathematics difficulties and LD how to solve 
primary-level word problems. The MSI is part of the Early 
Numeracy Intervention program (Bryant, Pfannenstiel, & 
Bryant, 2014), which was validated in studies showing 
overall positive findings (see Bryant et al., 2011, for more 
information about the findings). 
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Table 2. Math Scene Investigator Strategy. 


Step 

Actions Within Each Step 

Step 1: Inspect and 

Read the problem. 

find clues 

Underline the question and the unit. 
Circle important information. 

Cross out distractible information. 

Step 2: Plan and solve 

Write the equation. 

Draw a picture to solve. 

Step 3: Retrace 

Write the inverse equation. 

Recount picture drawn. 

Check to see if question was answered. 


MSI Cognitive Strategy 

The MSI is a cognitive strategy for primary-level students 
that can be utilized across the types of word problems typi¬ 
cally found in mathematics textbooks. The strategy includes 
both verbal and visual (e.g., manipulatives) strategies that 
have been found effective in helping students with serious 
mathematics difficulties solve word problems (Swanson et 
al., 2014). The MSI strategy addresses six components of 
word problem solving: (a) State the question being asked 
and the important units in the question, (b) identify impor¬ 
tant numbers, (c) explain what the question is trying to 
answer, (d) select the operation needed to solve, (e) create 
the picture or computational strategy used to solve, and 
(f) discern distractible or unimportant information (Swanson 
& Beebe-Frankenberger, 2004). 

The MSI strategy is based on solving a mystery as the 
student acts as the detective. There are three main steps 
aligned with the six components of word problem solving 
(see Table 2). Each step has specific actions to assist the 
student in identifying the type of problem and the solution 
strategy. 

The first step is inspect and find clues, a verbal strategy. 
When students inspect, they read the word problem; under¬ 
line the question, including the unit; circle important words 
and numbers; and cross out distractible information. The 
students identify the important words to circle based on the 
unit in the question. The unit is what the word problem is 
about; for example, the unit is flowers if the question asks, 
“How many flowers are in the garden?” 

The second step is plan and solve, a visual strategy. Plan 
and solve has two actions, write an equation and draw a 
picture. Students write an equation once they have circled 
the important information. In writing an equation after they 
read, students identify how to solve the problem based upon 
the relationship between parts and whole. Also, the students 
are instructed to insert a question mark, similar to a vari¬ 
able, to identify the missing component (either a part or a 
whole) in the equation; this is intended to build algebraic 
readiness skills. Although the term variable is not used, the 
concept of solving for an unknown quantity is part of MSI. 


The final step is retrace, or check work. In this step, the 
student writes the inverse fact equation and recounts the 
picture drawn to see that the question was answered. 

How Do I Teach the MS/ Strategy? 

Teachers should begin by focusing on teaching the steps of 
the MSI strategy. Teachers can teach the MSI strategy by 
engaging in interactive modeling (modeling as students 
initially work through the strategy) to teach the strategy 
using multiple examples across 2 to 3 days of instruction. 
The purpose of each instructional day is to focus 
specifically on the actions within each step, rather than 
immediately applying the entire strategy to solve a word 
problem. 

Day I. Introduce the first two steps, inspect and find clues 
and plan and solve. 

• Students complete the actions identified within each 
step (e.g., read the problem, underline the question 
and state the unit, circle important information, cross 
out any distractible [irrelevant] words). 

• Students practice writing an equation (2 + 2 = 4) and 
drawing circles by the action to represent the prob¬ 
lem’s information. See Figure 1 for a sample MSI 
activity sheet completed by the students. 

Day 2. Review inspect and find clues and plan and solve 
and explicitly teach the final step, retrace. 

• Students first review the first two steps from Day 1, 
filling in the four actions for Step 1 and the two 
actions within Step 2. 

• Students check their work by writing the inverse 
equation and checking the picture to determine 
whether it is the correct representation. 

• Teacher has student read the question and determine 
if the question was answered. See Figure 2 for a sam¬ 
ple MSI activity sheet completed by the students. 

Using Explicit Instruction to Teach 

MSI 

By explicitly teaching one cognitive strategy, MSI, students 
become more proficient problem solvers and have the abil¬ 
ity to “understand, analyze, represent, execute and evaluate 
problems” (Montague & Dietz, 2009, p. 286). Explicitly 
teaching MSI is vital and is supported by the research. For 
example, in a meta-analysis conducted by Swanson (1999), 
cognitive strategy instruction and direct instruction were 
found to be the most highly effective teaching methods for 
students with LD; thus, direct instruction is an important 
component for teaching the cognitive strategy MSI. Once 
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Figure I. Day I sample activity sheet to teach Math Scene 
Investigator strategy. Reprinted by permission of Psycho- 
Educational Services. 

students have mastered the MSI strategy, one type of cogni¬ 
tive strategy, the word problem-solving lessons are explic¬ 
itly taught. By teaching the MSI strategy to mastery prior to 
instruction on specific word problem types, teachers pro¬ 
vide students with a means to build a deeper understanding 
of word problems (Vilkomir & O’Donoghue, 2009). 

The purpose of using explicit instruction in teaching the 
MSI strategy is to focus specifically on mathematically pre¬ 
cise language while developing conceptual understanding 
and procedural knowledge of how to solve word problems. 
Mathematical vocabulary (e.g., equation, minus, add, equal, 
unit ) is taught as part of instruction with the expectation that 
students use the terms as part of their explanations of their 
work. This practice is essential to increase mastery of the 
strategy and use of mathematically precise language. 
According to Archer and Hughes (2011), elements of 
explicit instruction, such as sequencing skills, reviewing 
previously taught concepts, using precise language, reduc¬ 
ing complexity of skills, and constructing examples and 
practice, aid struggling students in the learning process. 
These elements are embedded in the MSI strategy. 

Table 3 presents an example of the language—“teacher 
talk” and typical student responses—used during guided 
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Figure 2. Day 1 sample activity sheet to teach Math Scene 
Investigator strategy. Reprinted by permission of Psycho- 
Educational Services. 

practice of an MSI lesson where a new word problem type 
is taught for the first time (i.e., part-part-whole). There are 
several parts to the MSI lesson routine. First, the Preview/ 
Engage Prior Knowledge part provides an objective or goal 
for the students and connects to previously taught skills. 
The lesson then moves to Interactive Modeling, where the 
first time a new word problem type is introduced, more 
teacher talk is present. Table 3 outlines the questions that 
can be used across lessons that focus on questioning and 
more opportunities for student verbalizations. Guided prac¬ 
tice is the next part of the lesson, where students use the 
MSI strategy in a supported environment with the teacher 
taking the role of a mediator and facilitator by correcting 
student misconceptions, adjusting levels of questionings, 
and promoting deeper understanding of the material. 

Concluding Thoughts 

Cognitive strategy instruction is a vital component of 
instructional packages for students in the younger grades, 
including the area of word problem solving (Montague & 
Dietz, 2009; Powell, 2011; Swanson et al., 2014). 
Developing a cognitive strategy, such as MSI, with both 
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Table 3. Sample Language for Using MSI to Solve Part-Part- 
Whole Word Problems. 


Teacher Talk 

Student Response 

What is the action of inspect and find 
clues ? 

Read 

Read the story together. Ready, read. 

Students read word 
problem. 

What is the next action? 

Underline the question 

Underline the question. What is the 

Students underline and 

important unit in the question? 

Write it on the line. 

write unit. 

What is the next action? 

Cross out extra 
information 

What do we circle? 

Is there any extra information to 
cross out? 

Students circle 
important numbers 
from word problem. 

What is the next step? 

Write the equation. 

What do we know: the whole number 
and one part, or two small parts? 

Do we add or subtract? How do we 
know? 

Plan and solve 

What is the last step of the Math 

Scene Investigator strategy? 

(Write a sentence that is the opposite 
operation.) 

To retrace, write an addition equation. 
What is one part? What is the other 
part? Count the two parts together. 
Do the two parts equal the whole? 

To retrace, write a subtraction 
equation. What is the whole 
number? Take away one part. What 
part is left? 

Retrace 


verbal and visual strategies theoretically reduces the cogni¬ 
tive load or demand on solving word problems through 
carefully designed explicit instruction. The MSI strategy is 
one method teachers can employ when working with stu¬ 
dents with mathematics difficulties and LD because it pro¬ 
vides a structured way for tackling a skill that often proves 
problematic for struggling students. When MSI was used as 
part of an intervention for struggling Tier 2 students in 
Grades 1 and 2, the students were able to memorize the 
steps and actions. When it came time to solve word prob¬ 
lems, students were able to quickly and accurately apply the 
steps and solve, as compared to the previous year in which 
the MSI strategy was not utilized. Classroom teachers also 
reported that students receiving intervention often solved 
word problems faster than typical peers and did note stu¬ 
dents’ use of the MSI strategy. The MSI strategy is one 
more tool teachers have available for teaching a skill that 
will be required throughout the grades. 
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